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Observational studies and randomized controlled trials of menopausal hormone therapy (HT) and chronic disease
risk appear to have divergent results for cardiovascular disease. However, differences may be related to a modifying
effect of age, time since menopause, and HT formulation. In the Nurses’ Health Study (NHS) (enrolling during
1980–1994 and following participants until 2002), we investigated associations between the use of oral conjugated
equine estrogens (CEE) (0.625 mg/day) plus medroxyprogesterone acetate (MPA) (<10 mg/day) or oral CEE alone
and cardiovascular disease, cancer, all-cause mortality, and other major endpoints among postmenopausal women,
aged 50–79 years at HT initiation. Among women aged 50–59 years at HT initiation, associations of CEE alone or
CEE+MPA with most clinical outcomes were highly concordant between NHS and Women’s Health Initiative (WHI).
However, for myocardial infarction, results for CEE+MPA were in the direction of risk elevation in WHI and in the
direction of risk reduction in NHS. When examined according to years since menopause onset (<10 years) rather
than age group, results were nonsignificant and concordant for both studies. Because fewwomen in theNHS initiated
HT after age 60 years, we did not examine associations in this group. Discrepancies between NHS and WHI could
largely be attributed to differences in the age structure of the populations and age at HT initiation.

cardiovascular disease; chronic disease; epidemiologic methods; hormone therapy; Nurses’Health Study;
randomized controlled trials; Women’s Health Initiative

Abbreviations: CEE, conjugated equine estrogens; CHD, coronary heart disease; CI, confidence interval; HR, hazard ratio; HT,
hormone therapy; MI, myocardial infarction; MPA, medroxyprogesterone acetate; NHS, Nurses’ Health Study; WHI, Women’s
Health Initiative.

Findings from observational studies have suggested that
menopausal hormone therapy (HT) use is associated with a
lower risk of coronary heart disease (CHD), hip fracture, and
all-cause mortality but with a higher risk of breast cancer,
stroke, and pulmonary embolism (1–6). Randomized clinical
trials of postmenopausal HT have reported similar results for
many outcomes, but for CHD and all-cause mortality the find-
ings appeared to be discrepant. For example, in the Women’s
Health Initiative (WHI) HT trials, neither oral conjugated
equine estrogens (CEE) alone nor CEE combined withmedrox-
yprogesterone acetate (MPA) was associated with reduced risk
of CHD or all-cause mortality (7, 8).

Although observational studies are susceptible to confound-
ing and other biases (9, 10), the discrepancy in findings may be
rooted in biology and fundamental differences in study popula-
tions (9, 11–13). Two of the most important factors modifying
the effects of HT on chronic disease risk are age and time since
menopause at HT initiation (14). A large majority of women in
randomized trials of HT were older and more distant from the
onset of menopause than their counterparts in observational
studies, which better reflect actual HT use patterns. In both the
CEE and CEE+MPA trials of theWHI, the average age at ran-
domization was 63 years. In the Nurses’ Health Study (NHS),
women were 30–55 years of age at enrollment, and nearly 80%
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of HT users began use within 2 years of menopause onset,
which occurred on average at age 50 years. The most recent
WHI report found a significant trend of increasing risk of myo-
cardial infarction (MI) (P-trend = 0.01) with increasing time
since onset of menopause among women randomized to CEE+
MPA compared with placebo. Likewise, in the CEE trial, there
were age-related trends for colorectal cancer (P-trend = 0.02)
and all-cause mortality (P-trend = 0.04), with more favorable
results in younger women than in older women (15). Given the
considerable differences in study populations in the NHS and
WHI, the goals of the current study were to compare results of
HT for major health outcomes in the NHS and WHI among
women in comparable age groups at HT initiation and among
women using similar formulations of HT.

METHODS

The Nurses’Health Study cohort

The NHS began in 1976 as a long-term prospective investi-
gation of risk factors for chronic disease among 121,701 female
registered nurses, aged 30–55 years, from 11US states. Every 2
years, participants returned a mailed, validated questionnaire
that included detailed information on health status; lifestyle,
behavioral, and reproductive factors; menopausal status; exog-
enous hormone use, including postmenopausal hormone ther-
apy; other medications; and a wide range of other exposures
and outcomes (16–18). Follow-up data were available for over
90% of the cohort.

Exposuremeasures

On each biennial questionnaire, women were asked about
postmenopausal HT, including current use (within the last
month), duration of use, type of hormones taken, route of
delivery (oral, transdermal, vaginal), and dose.

Outcomemeasures

To facilitate comparisons with the WHI HT trials (15), we
considered the following major incident health outcomes:
cardiovascular disease (total MI, stroke, pulmonary embo-
lism, and cardiovascular deaths), cancer (total invasive can-
cer, invasive breast cancer, colorectal cancer, cancer deaths),
type 2 diabetes mellitus, hip fracture, and all-cause mortality.
Nurses (or next of kin for deceased participants) who reported
these outcomes were asked for permission to have medical re-
cords reviewed by NHS investigators, who were blinded to the
participant’s risk-factor status.

Nonfatal MIs were confirmed using theWorld Health Orga-
nization criteria of typical symptoms plus either elevated
enzymes or diagnostic ECG changes (19, 20). Infarctions that
required hospital admission and were confirmed by interview
or letter, but for which medical records were unobtainable,
were included in the analysis as “probable.”Deaths were con-
sidered to be due to MI if the autopsy report showed evidence
of fresh infarction or thrombus or if the medical records indi-
cated EKG and/or enzyme changes characteristic of MI prior
to death. Sudden cardiac deaths without evidence of MI were
not included in our analyses.

Stroke was classified according to the National Survey of
Stroke criteria (21) which require evidence of a neurological
deficit with sudden or rapid onset that persisted for more than
24 hours or until death. We excluded silent strokes, subdural
hematomas, and strokes due to infection or malignancy. Inci-
dent cases of pulmonary embolism were confirmed by medi-
cal records if a ventilation/perfusion lung scan was read by a
radiologist as high probability for pulmonary embolism or if
therewas afilling defect on contrast-enhanced computed tomog-
raphy of the pulmonary vasculature or a catheter-based pulmo-
nary angiogram. Both “nonidiopathic” cases (associated with
a history of surgery, major trauma, or malignancy) and “idi-
opathic” cases (without these predisposing risk factors) were
included in our analyses.

For cancer outcomes, we considered all pathologically con-
firmed and probable cases of invasive cancer (except nonmelano-
ma skin cancer). For breast cancer, we included only confirmed
cases with evidence of invasion on the pathology report. Cases of
carcinoma in situ were not included in the analyses. Colorectal
cancer and subsites were defined according to the International
Classification of Diseases, Ninth Revision (22).

Women who reported a diagnosis of type 2 diabetes on the
biennial main questionnaire were mailed a supplementary ques-
tionnaire regarding symptoms, diagnostic tests, and hypoglyce-
mic therapy. Cases of type 2 diabetes were confirmed in
accordance with the National Diabetes Data Group criteria (23).
For cases identified after 1998, we applied the American Diabe-
tes Association criteria (24). The present analysis includes only
the cases confirmed by the supplementary questionnaire. The
validity of the supplementary questionnaire has been estab-
lished through medical record reviews, and diagnosis of type 2
diabetes was confirmed inmore than 97% of the cases (25).

Information on hip fractures, with the date of occurrence
and a description of the circumstances, was obtained from the
biennial questionnaire. We excluded cases of fractures due to
malignancy or major traumatic events (such as motor vehicle
accidents or skiing).

Deaths were identified by notifications from next of kin, the
US postal system, searches of the National Death Index, tumor
registries, and death certificates obtained from state vital statis-
tics departments. Deaths were classified according to the Inter-
national Classification of Diseases, Eighth Revision (ICD-8), as
cardiovascular deaths (ICD-8 codes 390–458) or cancer deaths
(ICD-8 codes 140–207). Follow-up for deaths was >98% com-
plete (26, 27). Our confirmation process for fatal and nonfatal
events was similar to that used inWHI (7, 8).

Population for analysis

Women were included in the analyses as they became post-
menopausal and reached the age of 50 years, the lower age limit
for entry into the WHI HT trials. Women were classified as
postmenopausal from the time of natural menopause or hyster-
ectomy with bilateral oophorectomy. Women who underwent
hysterectomy without bilateral oophorectomy were considered
postmenopausal when they reached the age at which 90% of the
NHS cohort went through menopause (54 years for smokers
and 56 years for nonsmokers). A nurses’ report of age at meno-
pause (28) and type of menopause (29) were found to be highly

Am J Epidemiol. 2017;186(6):696–708

Hormone Therapy and Chronic Disease Risk 697



accurate in this cohort. Premenopausal womenwere not included
in the analysis.

In order to simulate the entry criteria of the WHI HT trials,
we excluded women with a diagnosis of cancer (except non-
melanoma skin cancer) at baseline (1980). For all outcomes
(except cardiovascular outcomes), we included women with
a history of cardiovascular disease. Women who initiated HT
use prior to age 50 years and after age 79 years at time of entry
into analysis were excluded. We also excluded premeno-
pausal women and women with uncertain postmenopausal
status (current smokers less than age 53 years or nonsmokers
less than age 56 years). We distinguished smokers from non-
smokers because smoking causes earlier natural menopause.
To further mimic the WHI, analyses were limited to users of
0.625 mg/day oral CEE alone or 0.625 mg/day oral CEE plus
<10 mg/day ofMPA (CEE+MPA). As was done in theWHI,
we included only women who had had a hysterectomy in the
analyses of CEE alone. Analyses of CEE+MPA users were
restricted to women with an intact uterus.

Statistical analysis

The WHI HT trials categorized results by age at randomi-
zation (50–59 years, 60–69 years, and 70–79 years) and time
since menopause (less than 10 years, 10 years to less than 20
years, 20 or more years). We included women in the analyses
as they reached age 50 years, on a rolling basis, from 1980 to
1994. Person-time was calculated from the time they entered
the analysis at age 50 years to the first diagnosis of an out-
come, loss to follow-up, death, or 2002, when the WHI HT
trials were stopped, whichever came first.

For all outcomes (except mortality endpoints), we used
time-varying updates of HT use, and for each 2-year cycle
women contributed person-time to the relevant HT category
(never user (referent), current CEE user, current CEE+MPA
user, missing). For mortality endpoints, to reduce the ability of
a potentially lethal health condition to affect HT use (reverse
causation due to prior disease diagnosis), we used baseline HT
as our primary exposure. We used Cox proportional hazards
regression models to estimate age- and multivariable-adjusted
hazard ratios for the association between HT use and health
outcomes. The regression models included age in years as the
time scale, stratified by calendar time in 2-year intervals, and
they allowed for possible interaction between calendar time
and age in the baseline hazards to be accounted for nonparame-
trically. Inmultivariable analysis, we further adjusted for age at
menopause, body mass index, smoking status, physical activ-
ity, alcohol intake, use of aspirin for at least 1 day per month,
history of hypertension, history of high cholesterol, history of
diabetes, parental history of MI before age 60, parental history
of cancer, and duration of CEE and CEE+MPA use. Models
with invasive breast cancer as an outcome additionally
adjusted for height, parity, age at first birth, body mass index at
age 18, and history of benign breast disease. We also adjusted
for mammogram screening in the previous cycle, because
those who had this imaging were more likely to be diagnosed
with invasive breast cancer (30). Information on most covari-
ates was updated biennially, including age, body mass index,
smoking status, physical activity, alcohol intake, aspirin use,
history of hypertension, history of high cholesterol, history of

diabetes, duration of CEE or CEE+MPAuse, parity, andmam-
mogram in previous cycle.

The WHI HT trials evaluated the potential influence of age
at HT initiation (50–59 years, 60–69 years, 70–79 years) and
time since menopause (less than 10 years, 10 years to less than
20 years, 20 or more years) on the relationship between HT
use and health outcomes (15). Because more than 85% of
NHS HT users were of ages 50–59 years at HT initiation,
and due to the uncertainty about timing of menopause onset
in many women with hysterectomy, our primary analyses
examined associations between HT use and chronic disease
endpoints in this age group. In supplementary analyses, we
additionally examined the potential modifying effect of time
since onset of menopause (<10 years). We did not have sta-
tistical power to examine outcomes in NHS among women
whowere 60–69 years or 70–79 years at HT initiation or among
women who were >10 years post menopause. We used figures
to visually compare hazard ratios for the various clinical end-
points from our study with those in the intervention phase of the
WHI (15) among women using the same HT formulation and
in comparable age groups. To examine the consistency of
results from the NHS and the WHI, we computed a P value
derived from the Q test for heterogeneity proposed by DerSi-
monian and Laird (31). All statistical tests were 2-sided and
performed using SAS, version 9.3, for UNIX (SAS Institute,
Inc., Cary, North Carolina).

RESULTS

Characteristics of participants at entry into analysis

At the time of entry into analysis, current users of HTwere, in
general, more likely to have a more favorable risk profile than
were women who had never used hormones (Table 1). Com-
pared with never users, HT users were less likely to be current
smokers, were more physically active, and had a lower body
mass index. However, they were more likely to have a history of
elevated cholesterol and benign breast disease.

Risk for major cardiovascular outcomes

In both primary analyses restricted to women 50–59 years
of age and in the overall cohort (ages 50–79 years), results for
HT use (CEE alone or with MPA) were congruent between
NHS andWHI for all cardiovascular outcomes except total MI
(Table 2, Figures 1 and 2). Among current users of oral CEE
alone or with MPA, compared with women who never used
hormones, we documented a pattern of higher risk for total
stroke and pulmonary embolism, and we found neutral results
for cardiovascular deaths, similar to the WHI findings. In the
age group 50–79 years, use of CEE alone was associated with
a lower risk of total MI in the NHS (hazard ratio (HR) = 0.73,
95% confidence interval (CI): 0.57, 0.95), but results were
neutral in theWHI (HR = 0.97, 95%CI: 0.79, 1.21) (Table 2).
Current use of CEE+MPA was inversely associated with total
MI in the NHS (HR = 0.86, 95% CI: 0.66, 1.13) and posi-
tively associated in the WHI (HR = 1.24, 95% CI: 0.98, 1.56)
(Table 2). These discrepancies could largely be attributed to
differences in age at HT initiation and time since onset of men-
opause. When results were stratified by time since menopause
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(<10 years) rather than by age group (50–59 years)—because
time since menopause onset can be a better marker of athero-
sclerotic risk—hazard ratios were neutral and concordant in
both studies (NHS, HR = 0.89, 95%CI: 0.68, 1.18;WHI, HR =
0.91, 95% CI: 0.54, 1.52; P-heterogeneity = 0.94) (Table 3
and Figure 3).

Risk for major cancer outcomes

In a primary analysis restricted to the age group 50–59 years,
results in the NHS andWHIwere similar for breast cancer, colo-
rectal cancer, total cancer, and cancer deaths for users of both
CEE alone and for CEE+MPA. However, in the broader age
range of 50–79 years, the hazard ratios for HT use and cancer
outcomes were largely discordant between the NHS and WHI,
primarily reflecting differences in the underlying age structure
for HT initiation.

Risk for othermajor health outcomes and all-cause
mortality

In both the overall study population and the age group 50–59
years, current HT users of CEE alone or CEE+MPA had a
lower risk of type 2 diabetes and hip fracture in both the NHS
andWHI. For the association between CEE alone or CEE+MPA
use and all-cause mortality, results tended to be more favorable
for women aged 50–59 years than for the broader age group in
both studies.

DISCUSSION

We present observational analyses from the NHS to simulate
the inclusion and exclusion criteria and dose and formulation of
HT used in the WHI trials. When analyses were conducted in
the broader age range of 50–79 years, results were discordant
for total MI and for several other outcomes. However, much

Table 1. Characteristics of Nurses’Health Study Participants at Time of Entry Into Analysis, United States,
1980–1994a

Characteristic

Neverb

(n = 6,136)
CEEc

(n = 3,911)
Neverd

(n = 34,622)
CEE+MPAe

(n = 3,716)

Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) %

Age at entry into analysis, years 55.2 (2.4) 55.5 (2.4) 53.6 (2.6) 53.4 (2.6)

White 96 97 97 98

Smoking

Never 46.1 49.3 42.4 42.9

Past 28.9 33.3 30.6 42.5

Current 25.1 17.3 27.1 14.6

Age at menopause, years 49.7 (4.4) 49.6 (3.9) 50.6 (3.3) 51.6 (2.7)

Time sincemenopause onset, years 5.7 (4.1) 5.9 (4.5) 3.2 (3.1) 2.1 (2.0)

Parity, no. 3.3 (1.9) 3.0 (1.7) 3.1 (1.8) 2.8 (1.4)

Physical activity, MET-hours/week 14.4 (21.5) 16.2 (20.0) 14.8 (21.0) 18.9 (23.4)

Height, inchesf 64.3 (3.2) 64.4 (3.5) 64.4 (3.3) 64.6 (2.4)

Bodymass indexg 26.5 (5.2) 25.1 (4.4) 25.8 (5.1) 25.0 (4.4)

History of high blood pressure 32 32 25 23

History of hypercholesterolemia 19 24 15 34

History of type 2 diabetesmellitus 7 4 4 2

History of benign breast disease 31 38 29 50

Parental history of early MI 20 20 18 19

Parental history of cancer 14 12 13 10

Aspirin useh 48 53 47 51

Abbreviations: CEE, conjugated equine estrogens; MET, metabolic equivalents of task; MI, myocardial infarction;
MPA, medroxyprogesterone acetate; SD, standard deviation.

a Womenwere enrolled as they became postmenopausal and were between the ages 50–79 years.
b Womenwho underwent a hysterectomy and never used hormone therapy.
c CEE use (0.625 mg/day) among womenwho underwent a hysterectomy.
dWomenwith an intact uterus who never used hormone therapy.
e CEE (0.625 mg/day) plusMPA (<10 mg/day) use amongwomenwith an intact uterus.
f To convert inches to centimeters, multiply by 2.54.
g Bodymass index was calculated as weight (kg)/height (m)2.
h Defined as use of aspirin at least 1 day/month.
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Figure 1. Association between hormone therapy use (oral conjugated equine estrogens (CEE) (0.625 mg/day)) and health outcomes among
postmenopausal women who underwent a hysterectomy, in the Nurses’Health Study (1980–2002) (diamonds) and in the intervention phase of the
Women’s Health Initiative (WHI) (squares) CEE-alone trial (1) among participants aged 50–79 years (A) and aged 50–59 years (B) at entry into
analysis. All NHSmodels adjusted for age, calendar time, smoking status, alcohol intake, physical activity, body mass index, aspirin use of at least
1 day/month, history of high blood pressure, history of hypercholesterolemia, history of type 2 diabetes mellitus (all models except diabetes as an
outcome), age at menopause, parental history of early myocardial infarction (MI), parental history of cancer, duration of CEE use, and duration of
CEE plus medroxyprogesterone acetate (MPA) use. Breast cancer models additionally adjusted for height, parity, age at first birth, body mass
index at age 18, history of benign breast disease, and mammogram in the previous cycle. Results for total MI, colorectal cancer, cancer deaths,
and all-cause mortality are not reported for the age group 50–79 years because a significant interaction by age was reported in the intervention
phase of theWHI (1). Hip fracture results are shown only for the 50–79 years group because there were fewer than 5 cases in theWHI in the 50–59
years group (1). CI, confidence interval; HR, hazard ratio.
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All-cause mortality

Diabetes

Cancer deaths
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Invasive breast cancer

All cancer types

Cardiovascular deaths
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Total MI

Outcome

0.96 (0.76, 1.22)
0.97 (0.81, 1.16)
0.52 (0.37, 0.74)
0.67 (0.47, 0.95)
0.63 (0.53, 0.75)
0.81 (0.70, 0.94)
0.89 (0.65, 1.24)
1.10 (0.86, 1.42)
0.82 (0.59, 1.15)
0.62 (0.43, 0.89)
1.42 (1.24, 1.64)
1.24 (1.01, 1.53)
1.19 (1.08, 1.30)
1.02 (0.91, 1.15)
1.00 (0.59, 1.70)
1.05 (0.76, 1.45)
2.35 (1.55, 3.56)
1.98 (1.36, 2.87)
1.10 (0.86, 1.42)
1.37 (1.07, 1.76)
0.86 (0.66, 1.13)
1.24 (0.98, 1.56)
HR (95% CI)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
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A)

0.86 (0.68, 1.10)

0.67 (0.43, 1.04)

0.58 (0.48, 0.71)

0.85 (0.66, 1.09)

0.79 (0.57, 1.10)

0.71 (0.38, 1.33)

0.76 (0.51, 1.11)

0.79 (0.29, 2.18)

1.26 (1.08, 1.47)

1.21 (0.81, 1.80)

1.13 (1.02, 1.25)

0.97 (0.76, 1.23)

0.91 (0.54, 1.56)

0.77 (0.33, 1.79)

2.80 (1.76, 4.46)

2.05 (0.89, 4.71)

1.03 (0.77, 1.38)

1.51 (0.81, 2.82)

0.77 (0.56, 1.06)

1.32 (0.77, 2.25)

HR (95% CI)Outcome

0.0 0.5 1.0 1.5 2.0 2.5 3.0

HR

B)

All-cause mortality

Hip fracture

Diabetes

Cancer deaths

Colorectal cancer

All cancer types

Stroke

Total MI

Cardiovascular deaths

Invasive breast cancer

Pulmonary embolism

Figure 2. Association between hormone therapy use (oral conjugated equine estrogens (CEE) (0.625 mg/day) plus medroxyprogesterone ace-
tate (MPA) (<10 mg/day)) and health outcomes among postmenopausal women with an intact uterus, in the Nurses’ Health Study (1980–2002)
(diamonds) and in the intervention phase of the Women’s Health Initiative (WHI) (squares) CEE+MPA trials (1) among participants aged 50–79
years (A) and 50–59 years (B) at entry into analysis. All NHS models adjusted for age, calendar time, smoking status, alcohol intake, body mass
index, aspirin use of at least 1 day/month, history of high blood pressure, history of hypercholesterolemia, history of type 2 diabetes mellitus (all
models except diabetes as an outcome), age at menopause, parental history of early myocardial infarction (MI), parental history of cancer, duration
of CEE use, and duration of CEE+MPA use. Breast cancer models additionally adjusted for height, parity, age at first birth, body mass index at age
18, history of benign breast disease, andmammogram in the previous cycle. Hip fracture results are shown only for the 50–79 years group because
there were fewer than 5 cases in theWHI in the 50–59 years group (1). CI, confidence interval; HR, hazard ratio.
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of the apparent discordance in the WHI versus NHS findings
disappeared when we restricted our analyses to the ages of
50–59 years at HT initiation, the age range when more than

60% of women initiated HT use in the NHS. Still, in this
group, among women using CEE+MPA, the hazard ratio for
total MI was in the direction of risk reduction in the NHS and
risk elevation in the WHI. However, when we stratified our
analyses by time since onset of menopause rather than age, re-
sults were concordant between the 2 studies, with hazard ratios
for women close to menopause onset below 1.0 in both studies.

The discordance between observational studies and ran-
domized clinical trials of HT on chronic disease risk has raised
questions about the validity and credibility of evidence from
observational studies (32–35). As was highlighted in the recent
reanalysis and extended follow-up of the WHI (15) and in our
current analysis, 2 key factors that can account for these discre-
pancies are age and time since onset of menopause at HT ini-
tiation. Women who initiated HT in the NHS were generally
younger than age 55 years and within 2–3 years of menopause
onset. Conversely, women in the WHI had an average age of
63 at screening, andmost (64%–82%) were more than 10 years
past menopause onset. The role of age and time since meno-
pause onset in modifying the effect of HT on chronic disease,
particularly cardiovascular disease, may have biological under-
pinnings. This phenomenon, referred to as the “timing hypothe-
sis,” postulates that estrogen has a differential effect on vascular
and inflammatory cell biology during the early and late stages of
atherosclerosis progression. During the nascent stages of vascu-
lar disease (as seen in younger women or in early stages of men-
opause), estrogen therapy can improve or reverse endothelial
dysfunction and slow progression of atherosclerosis (36–39).
However, in advanced atherosclerotic lesions, often seen in
older women, delayed initiation of HT may exacerbate inflam-
mation, precipitate rupture of vulnerable plaques, and promote

Table 3. Association Between Hormone Therapy Use and Total Myocardial Infarction Among PostmenopausalWomen Aged 50–79 Years at
Entry Into Analysisa and ThoseWhoWere Less Than 10 Years Post Menopause Onset in the Nurses’Health Study (1980–2002) and in the
Intervention Phase ofWomen’s Health Initiative Hormone Therapy Trials (15), United States

Study

Never/Placebob Current CEEc

HR 95%CI

Never/Placebod Current CEE+MPAe

HR 95%CINo. of
Cases

Person-
Years

No. of
Cases

Person-
Years

No. of
Cases

Person-
Years

No. of
Cases

Person-
Years

NHSf 151 66,475 104 70,823 0.71 0.53, 0.94 574 3,47,680 86 76,204 0.89 0.68, 1.18

WHI 13 13,000 6 2,727 0.46 0.18, 1.22 30 16,667 24 24,000 0.91 0.54, 1.52

P-heterogeneityg 0.16 0.94

Abbreviations: CEE, conjugated equine estrogens; CI, confidence interval; HR, hazard ratio; HT, hormone therapy; MET, metabolic equivalents
of task; MPA, medroxyprogesterone acetate; NHS, Nurses’Health Study;WHI,Women’s Health Initiative.

a Entry into analysis was between 1980 and 1994.Womenwere enrolled as they becamepostmenopausal andwere between the ages 50–79 years.
b The comparison group included never users of HT in the NHS and those randomized to the placebo group in the WHI hormone therapy CEE-

alone trial (15).
c CEE (0.625 mg/day) use among womenwho underwent a hysterectomy.
d The comparison group included never users of HTwith an intact uterus in the NHS and those randomized to the placebo group in theWHI CEE+

MPA trial (15).
e CEE (0.625 mg/day) plusMPA (<10 mg/day) use amongwomenwith an intact uterus in the NHS. In theWHI trial, the dosageswere 0.625 mg/day

of CEE and 2.5 mg/day of MPA for womenwith an intact uterus.
f The models adjusted for age, calendar time, smoking status (never, past, current 1–14 cigarettes/day, current 15–24 cigarettes/day, current

>24 cigarettes/day), alcohol intake (g/day: 0, 0.1–4.9, 5–9.9, 10–14.9, ≥15), physical activity (MET-hours/week: <3, 3–8.9, 9–17.9, 18–26.9, ≥27),
body mass index (weight (kg)/height (m)2; <21, 21–22.9, 23–24.9, 25–26.9, 27–29.9, 30–34.9, 35–39.9, ≥40), aspirin use for at least 1 day/month
(yes/no), history of high blood pressure (yes/no), history of hypercholesterolemia (yes/no), history of type 2 diabetes mellitus (yes/no; all models
except diabetes as an outcome), age at menopause (continuous), parental history of early myocardial infarction (yes/no), parental history of cancer
(yes/no), duration of CEE use (in months), and duration of CEE+MPA use (in months).

g P for heterogeneity was derived from theQ test for heterogeneity proposed by DerSimonian and Laird (31).

CEE

CEE+MPA

HT Type

0.71 (0.53, 0.94)

0.46 (0.18, 1.22)

0.89 (0.68, 1.18)

0.91 (0.54, 1.52)

HR (95% CI)

0.0 0.5 1.0 1.5 2.0

HR

Figure 3. Association between hormone therapy (HT) use and total
myocardial infarction among postmenopausal women, aged 50–79
years at entry into analysis and less than 10 years since onset of men-
opause, in the Nurses’ Health Study (1980–2002) (diamonds) and in
the intervention phase of the Women’s Health Initiative (squares) HT
trials (1). All NHSoutcomeswere adjusted for age, calendar time, smok-
ing status, alcohol intake, body mass index, aspirin use of at least
1 day/month, history of high blood pressure, history of hypercholester-
olemia, history of type 2 diabetes mellitus, age at menopause, parental
history of earlymyocardial infarction, parental history of cancer, duration
of oral conjugated equine estrogens (CEE) use, and duration of CEE
plus medroxyprogesterone acetate (MPA) use. CI, confidence interval;
HR, hazard ratio.
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thrombo-occlusive events (36, 37). Supporting evidence for
the timing hypothesis derives from studies in monkeys (40),
mice (41), and ovariectomized rabbits (42–44), where early
compared with delayed administration of 17-β estradiol had dif-
ferential effects on atherosclerosis progression. Recent
data from the Early Versus Late Intervention Trial with Estra-
diol (ELITE) trial demonstrated that oral estradiol therapy
was associated with less progression of subclinical athero-
sclerosis than was placebo when such therapy was initiated
within 6 years of menopause but not later (≥10 years). Still,
there were no differences in coronary artery disease, assessed by
coronary artery stenosis, after 5 years of therapy (45). Although
we did not have sufficient power to examine the effects of HT
on risk ofMI in womenwho initiated HTmany years after men-
opause (≥20 years), the most recent WHI report indicates a
higher risk of total MI (HR = 1.99, 95%CI: 1.32, 3.02) among
users of CEE+MPA in this group (15).

Although differences in age and time since menopause at
HT initiation seem to account for most of the apparent discre-
pancies in the findings of the WHI HT trials and NHS obser-
vational studies, other key design issues remain. For example,
in a previous NHS report that included women with prevalent
coronary disease, HT was still associated with a lower risk
of CHD among women who initiated HT within 4 years of
menopause (for CEE, HR = 0.62, 95% CI: 0.52, 0.76; for
CEE+MPA, HR = 0.71, 95% CI: 0.56, 0.89) (46). However,
the younger age at initiation of HT, and the inclusion of a vari-
ety of HT regimens and doses in these analyses, may explain
discrepancies with WHI. Contrary to our current findings of a
null association between HT and stroke among women aged
50–59 years, a previous NHS report in the same age group
documented a significant elevation in risk of stroke among
CEE users (HR = 1.58, 95% CI: 1.06, 2.37) (47). However,
this report did not restrict analyses to women aged 50–79 years,
and the reference group included never users, irrespective of
their hysterectomy status. In both NHS and WHI, CEE+MPA
use was associated with a higher risk of invasive breast cancer,
but the hazard ratio was slightly higher in NHS than in WHI.
Although we attempted to adjust for mammographic screening
differences, residual confounding by differential screening rates
in users and nonusers of HT remains possible.

Our findings need to be interpreted in the context of a few
limitations. First, given the observational nature of our analy-
sis, residual and unknown confounding remain a possibility.
Still, we carefully selected our confounders based on prior
knowledge of established risk factors. We also noted that age-
adjusted estimates for MI and invasive breast cancer were
attenuated by 13%–31% upon adjustment for confounders,
raising the possibility of further attenuation with more precise
measures of the confounders rather than self-report. However,
all questionnaires used to capture these data were previously
validated in our cohort (29, 48, 49). Further, we believe that
the high educational status of our cohort participants and their
knowledge of health allow them to provide reliable information
on the questionnaires and minimize confounding by socioeco-
nomic status. Second, due to the typical use of HT, we did not
have statistical power to examine the potential influence of
beginning HT on chronic disease at older ages or at increasingly
longer intervals since menopause. Nonetheless, results from a

previous NHS report indicate that, as observed inWHI, continu-
ous estrogen/progestin therapy may not have cardiovascular
benefits in women aged≥60 years or who are≥10 years beyond
menopause onset (50). In another reanalysis of the NHS data, a
significant trend of higher risk of CHD with increasing time
since menopause (P-trend = 0.04) was documented (46). Finally,
because HT use was measured only every 2 years, we could
not assess the acute effects of HT use on chronic disease, par-
ticularly MI risk (9). However, our prior sensitivity analysis
showed that cases occurring among women initiating HT use
within a 2-year interval would not have appreciably influenced
our findings (46).

In summary, our findings suggest that the discrepancies
between the WHI and NHS could largely be ascribed to differ-
ences in timing of HT initiation in relation to age or onset of men-
opause. This is important because HT continues to be endorsed
by numerous professional organizations for the management of
moderate to severe vasomotor symptoms, which are most preva-
lent in early menopause (51–54). Among women aged 50–59
years, the lower risk of mortality with CEE use warrants further
examination. Still, given the complex pattern of risks and benefits
associated with HT, current findings do not support its use for
chronic disease prevention.
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